INTRODUCTION
This paper will review and compare the principles of operation of the scanning acoustic microscope and the focused C-scan imaging system. We will show that with phase measurement ability, both instruments are capable of inspecting electronic packages for disbonds, cracks, and other defects given. We will also show that the resolution and defect detection sensitivity of both instruments is limited by the attenuation of the sound wave in the package.
Ultrasonic inspection is ideally suited for the inspection of electronic packages for disbonds, breaks, porosity, water saturation, and cracks. Ultrasonic waves penetrate into solids and are totally reflected by air. Thus, ultrasonic methods are superior to optical methods where light does not penetrate inside samples, and to X-ray methods because X-rays suffer little absorption when propagating through thin cracks.
Another advantage of using ultrasonic waves is due to the fact that the sound velocity of most materials is about 5 orders of magnitude smaller that the speed of light. Thus, it is possible to obtain the same resolution as in an optical instrument at a frequency that is 5 orders of magnitude lower than the frequency of light. However, due to sound attenuation, it is not possible to increase the frequency at will. This paper will discuss the principles of operation of the scanning acoustic microscope and the C-scan imaging systems, their resolution, strength and limitations. We will show results of measurements of the attenuation of sound as a function of frequency in an electronic package, and show images of various types of defects in these packages.
SCANNING ACOUSTIC MICROSCOPE
The most common configuration is the reflection type scanning acoustic microscope (SAM), shown in Fig. I [1 ,2] . A piezoelectric material is attached to the flat end of a buffer rod and excites a plane wave ultrasonic beam into the buffer rod. The other end of that rod has a spherical or cylindrical lens which focuses the sound beam which is transmitted into the fluid. An electrical tone burst excites the transducer, thus transmitting a packet of ultrasonic energy which is focused by the lens to a diffraction-limited spot. A portion of the ultrasonic signal is reflected by the sample and propagated back through the lens and onto the transducer where it generates an electrical signal which is collected by the receiving electronics.
The return signal's amplitude and/or phase is collected and used to modulate the intensity of the display on the monitor at a location corresponding to the location of the focal spot over the sample. By scanning either the transducer or the object, an acoustic image of the sample is formed on the display monitor. Typical scanning speeds are 20-30 sec/frame for operating in the frequency range of .1-2 GHz, and for a field a view of up to .5 x.5 mm. For lower frequency operation, a field of 5 x 5 cm is imaged in a few minutes.
Variations in the local mechanical properties of a sample or changes in the location of the surface with respect to the focus of the lens cause changes in the amplitude and phase of the reflected signal and appear as contrasted features in the image. Local variations can be induced by changes in orientation of a material, by the presence of a different material, or by defects at or below the surface of the sample.
Unlike optical microscopes, SAM images show new features and do not blur as a lens is brought closer to a sample. This enhanced imaging capability is due to the physical interactions that take place between the ultrasonic field and the sample. As the lens is defocused, other modes of propagation, such as leaky surface waves, are propagated on the surface of the sample and leak energy back into the transducer. Thus the signal received is made of the interference between the specular reflection from the surface of the sample and the mode converted leaky surface wave. If there are defects in the sample, some of the energy that is propagated into the sample is reflected back and received by the transducer, because both longitudinal and shear waves are transmitted into the sample, the received signal can also contain components of these reflections. Therefore overall, four types of acoustic signal paths contribute signals at the transducer, and a variation in any of these signals changes the image.
SAM AND TIffi FOCUSED C-SCAN: SIMll.ARITIES AND DIFFERENCES Focused C-scan imaging systems are often referred to as acoustic microscopes, but although there are many common features, there are many differences as well, both in operation and in areas of application.
A schematic of a focused C-scan imaging system is shown in Fig. 2 . A focused transducer is excited with a broadband pulse, typically a half cycle at the frequency of operation, and the focus of the transducer is placed below the surface of the sample at a plane where the defects are to be imaged. The preferred transducer has a broad bandwidth and short impulse response to separate in time the reflections from the interface from the reflection from within the sample. The surface of the sample and the near-surface region corresponding to the pulse duration are not inspected by this technique and are known as "the dead rone." To image other planes within the
